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The asymmetric unit of the title compound, C28H32N4 + -2Br~- 
0.5H 2 O, contains one 3,3'-[l,2-phenylenebis(methylene)]bis(l- 
propylbenzimidazolium) cation, two bromide anions and 
one half-molecule of water. In the crystal, the whole 3,3'- 
[l,2-phenylenebis(methylene)]bis(l-propylbenzimidazolium) 
cation and one of the bromide anions are each disordered 
over two positions with site-occupancy ratios of 0.751 (6): 
0.249 (6) and 0.680 (8):0.320 (8). For the major component of 
the disordered cation, the central benzene ring forms dihedral 
angles of 83.6 (5) and 88.2 (4)° with its adjacent imidazole 
rings, while these angles for the minor component are 
89.2 (15) and 84.9 (13)°. In the crystal, the cations and anions 
are linked by C— H- ■ Br hydrogen bonds into dimers and 
then stacked along the c axis. The crystal packing is further 
stabilized by C— H- ■ -it and it-n interactions [shortest 
centroid-centroid distance = 3.646 (4) A]. 

Related literature 

For details and applications (biological and catalytic) of N- 
heterocyclic carbenes, see: Herrmann (2002); Winkelmann & 
Navarro (2010); Kascatan-Nebioglu et al. (2007); Ruan et al. 
(2009); Barnard et al. (2004); Teyssot et al. (2009); Herrmann et 
al. (1995, 1996); Cheng & Trudell (2001); Lee & Hartwig 
(2001); Weskamp et al. (1998); Choi et al. (2001). For a related 
structure, see: Haque et al. (2011). 




Experimental 

Crystal data 

C 2 8H 32 N 4 2+ -2Br~0.5H 2 O 

M, = 593.40 

Triclinic, PI 

a = 9.0465 (4) A 

b = 11.4348 (5) A 

c = 14.4143 (7) A 

a = 74.013 (1)° 

P = 82.935 (1)° 

Data collection 

Bruker APEX DUO CCD area- 
detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
r mi „ = 0.290, r m „ = 0.505 

Refinement 

R[F 2 > 2a(F 2 )] = 0.041 
wR(F 2 ) = 0.133 
S = 1.01 

10937 reflections 
601 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



y = 70.817 (1)° 

V = 1352.96 (11) A 3 

Z = 2 

Mo Ka radiation 
IX = 3.02 mnT 1 
T = 296 K 

0.54 x 0.44 x 0.26 mm 



39695 measured reflections 
10937 independent reflections 
6959 reflections with / > 2a(l) 
R in . = 0.033 



86 restraints 

H-atom parameters constrained 
A/w = 0.58 e A~ 3 
Ap mi „ = -0.47 e A~ 3 



Cg6 and Cg8 are the centroids of the N1A , /C8JC/C13^'/N2^/C14X and Cl^- 
C6X rings, respectively. 



D-H-A 


D-H 


H- ■ A 


D- ■ A 


D-H-A 


C5-H5A- ■ Brl' 


0.93 


2.87 


3.665 (4) 


144 


C7-H7A- ■ Brl" 


0.97 


2.75 


3.596 (9) 


146 


C14-H14A- ■ Brl" 


0.93 


2.87 


3.618 (7) 


138 


C20-H20A- ■ Brl" 


0.93 


2.87 


3.699 (6) 


148 


C5-H5A- ■ Cg6 


0.93 


2.82 


3.405 (14) 


122 


C28-H28A- ■ Cg8 m 


0.96 


2.99 


3.607 (15) 


123 


Symmetry codes: fi) x. y. z - 


J- 1; (ii) -x 


+ 1.-3-,- 


z + 1; (iii) — x, —y 4 


1,-z + l. 



Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL and PLATON (Spek, 
2009). 
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3,3'-[l,2-Phenylenebis(methylene)]bis(l-propylbenzimidazolium) dibromide hemihydrate 
M. A. Iqbal, R. A. Haque, H.-K. Fun and T. S. Chia 

Comment 

^-Heterocyclic Carbenes (NHCs) have become universal ligands in organometallic and inorganic coordination chemistry 
(Herrmann, 2002) as their complexes have widespread biological and catalytic applications (Winkelmann & Navarro, 20 1 0). 
Metal complexes of NHCs (for example, gold, silver and platinum) have proven to be potential antimicrobial (Kascatan- 
Nebioglu et al, 2007), antibacterial (Ruan, et al., 2009), antimitochondrial (Barnard et al., 2004) and anticancer (Teyssot et 
al, 2009) agents. Because of its specific coordination chemistry, this class also exhibits excellent catalytic activity for Heck 
and Suzuki coupling reactions (Herrmann et al, 1995) as well as aryl amination (Cheng & Trudell, 2001), amide a-arylation 
(Lee & Hartwig, 2001), hydrosilation (Herrmann et al, 1996), olefin metathesis (Weskamp et al, 1998), and metathesis 
cross-coupling reactions (Choi et al, 2001). 

The molecular structure of the title compound is shown in Fig. 1. The asymmetric unit consists of one 3,3'-[l,2- 
phenylenebis(methylene)]bis(l-propyl-benzimidazolium) cation, two bromide anions and one half-molecule of water. In the 
crystal, the whole cation is disordered over two sites with occupancy ratio of 0.75 1 (6):0.249 (6), whereas the site-occupancy 
ratio for disordered bromide anion is equal to 0.680 (8):0.320 (8). For the major disordered cation, the central benzene ring 
(C1-C6) forms dihedral angles of 83.6 (5) and 88.2 (4)°, respectively, with its adjacent imidazole (N1/N2/C8/C13/C14) and 
(N3/N4/C19/C24/C25) rings; whereas for the minor disordered cation, the central benzene ring (C1X-C6X) forms dihedral 
angles of 89.2 (15) and 84.9 (13)°, respectively, with its adjacent imidazole (N1X/N2X/C8X/C13X/C14X) and (N3X/N4X/ 
C19X/C24X/C25X) rings. Bond lengths and angles are comparable to related structure (Haque et al, 2011). 

In the crystal structure, Fig. 2, the molecules are interconnected by C5 — H5A-- Brl, C7 — H7A - Brl, C14 — H14A-Brl 
and C20 — H20A-Brl hydrogen bonds (Table 1) into dimers and then stacked along c axis. The crystal structure is further 
stabilized by C — H—jt interactions (Table 1). n — jt Interactions were also observed with Cg?"Cgs distance = 3.750 (4) 
A (symmetry code: l-x, -y, 1-z), Cg^—Cgn distance = 3.808 (5) A (symmetry code: l-x, 1-y, 2-z) and Cg5~-Cg$ distance 
= 3.646 (4) A (symmetry code: l-x, -y, 1-z); Cg 2 , Cg 4 and Cg 5 are the centroids of N3/N4/C19/C24/C25, C8-C13 and 
C19-C24 rings, respectively. 

Experimental 

A mixture of benzimidazole (2.36 g, 20 mmol) and finely ground potassium hydroxide (2.36 g, 30 mmol) in 30 ml of DMSO 
was stirred at room temperature (27-28 °C) for 30 minutes. 1-Bromopropane (1.82 ml, 20 mmol) was added drop-wise in 
this consistently stirred mixture with further stirring for 2 h at the same temperature. The mixture was then poured into water 
(300 ml) and was extracted by chloroform (5 x 20 ml). The extract was dried over magnesium sulfate and evaporated under 
reduced pressure to get N-propylbenzimidazole (1) as a thick yellowish fluid (2.81 g, 88%). Then, a mixture of 1 (1.60 g, 
10 mmol) and l,2-bis(bromomethyl)benzene (1.32 g, 5 mmol) in dioxane (30 ml) was refluxed at 90 °C for 12 h. Desired 
compound (2.2Br) appeared as white precipitates in the light-brown solution. The mixture was filtered and the precipitates 
were washed with fresh dioxane (3x5 ml), dried at room temperature for 24 h, and soft lumps so obtained were ground to 
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fine powder (2.92 g, 63%). Saturated solution of 2.2Br in methanol (0.5 ml) was exposed to diethyl ether vapours at room 
temperature overnight to get single crystals suitable for X-ray diffraction study. 

Refinement 

Atoms H1W1 and H2W1 were located from the difference Fourier map and then fixed at their found location using riding 
model with £/j S0 (H) = 1.5(7 e q(0) [O — H = 0.8200 and 0.8199 A], The remaining H atoms were positioned geometrically 
[C — H = 0.93, 0.96 or 0.97 A] and refined using a riding model with (7j S0 (H) = 1.2 or 1. 5 U S q(C). A rotating group model was 
applied to the methyl group. The 3,3'-[l,2-phenylenebis(methylene)]bis(l-propyl-benzimidazolium) cation and bromine 
anion are each disordered over two positions with site-occupancy ratios of 0.751 (6):0.249 (6) and 0.680 (8):0.320 (8), 
respectively. The SAME restraint was employed in the refinement of the disordered components. The same Uy parameters 
were used for atoms pairs C1X/C2X, C16X/C17X and C27/C28X. Several outlying reflections, i.e. (T 3 2), (T 2 4), (4 5 4), 
(4 5 3), (5 6 2) and (1 7 4), were omitted owing to poor agreement. No significant role for the water molecule was found in 
the crystal structure although a close HlWl-Br2X contact of 2.08 A is noted with a disordered Br atom. 



Figures 



Fig. 1. The molecular structure of the title compound with atom labels and 30% probability 
displacement ellipsoids. 




Fig. 2. The crystal packing of the title compound. Only the major disordered component is 
shown. Intermolecular hydrogen bonds are shown as dashed lines and those hydrogen atoms 
which are not involved in hydrogen bonding are omitted for clarity. 



3,3'-[1,2-Phenylenebis(methylene)]bis(1-propylbenzimidazolium) dibromide hemihydrate 



Crystal data 

C28H32N 4 2+ -2Br-0.5H 2 O 

M,.= 593.40 

Triclinic, PI 

Hall symbol: -P 1 

a = 9.0465 (4) A 

6= 11 .4348 (5) A 

c= 14.4143 (7) A 

a = 74.013 (1)° 

(3 = 82.935 (1)° 

y = 70.817(l)° 

V= 1352.96 (11) A 3 



Z = 2 

F(000) = 606 

D x = 1.457 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 9923 reflections 

6 = 2.6-29.8° 

|i = 3.02 mm 1 
T=296K 
Block, colourless 
0.54 x 0.44 x 0.26 mm 
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Data collection 



Bruker APEX DUO CCD area-detector 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

cp and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
r min = 0.290, r max = 0.505 
39695 measured reflections 



10937 independent reflections 

6959 reflections with / > 2c(7) 
R mt = 0.033 

Qmax ~~ 34.2 , 0 m i n — 2.1 

h = -14^14 

£ = -17->18 
/= -22^22 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.041 
wR(F 2 ) = 0.133 
S= 1.01 

10937 reflections 
601 parameters 
86 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w = V[o 2 (F 2 ) + (0.0782P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max = 0.001 

Apmax = 0.58 e A~ 3 
Ap mi „ = -0.47eA- 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F 2 , convention- 
al ic-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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0.0731 (2) 


0.680 (8) 


Br2X 


0.2357 (6) 


0.6020 (5) 


0.41783 (18) 


0.0640 (8) 


0.320 (8) 


OIW 
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0.50 


H1W1 


0.4629 


0.4771 


0.4182 


0.106* 


0.50 


H2W1 
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Atomic displacement parameters (A 2 ) 





f/ 11 


U 22 


C/ 33 


U 12 


U u 


U 2i 


Brl 


0.06026 (12) 


0.04747 (12) 


0.04622(11) 


-0.02155 (9) 


-0.00117(8) 


-0.01236 (8) 


Br2 


0.0514 (3) 


0.1019(5) 


0.0664 (4) 


-0.0187 (4) 


-0.0086 (2) 


-0.0250 (5) 


Br2X 


0.0688 (11) 


0.0842 (15) 


0.0438 (6) 


-0.0383 (10) 


-0.0028 (6) 


-0.0058 (5) 


OIW 


0.0696 (19) 


0.071 (2) 


0.0677 (19) 


-0.0031 (17) 


-0.0239 (15) 


-0.0253 (17) 


Nl 


0.0333 (18) 


0.035 (2) 


0.031 (2) 


-0.0109 (19) 


-0.0093 (12) 


-0.0079 (19) 


N2 


0.0299 (16) 


0.0447 (17) 


0.0320 (16) 


-0.0112 (14) 


-0.0050 (13) 


-0.0093 (15) 


N3 


0.037 (2) 


0.062 (2) 


0.0303 (13) 


-0.0243 (14) 


-0.0014 (14) 


-0.0140(13) 


N4 


0.0440(13) 


0.056 (2) 


0.0321 (11) 


-0.0230 (13) 


-0.0038 (9) 


-0.0141 (13) 


CI 


0.0260 (12) 


0.043 (3) 


0.0333 (16) 


-0.0110 (13) 


-0.0001 (12) 


-0.0139 (17) 


C2 


0.0289 (14) 


0.063 (4) 


0.054 (2) 


-0.0108(15) 


-0.0045 (12) 


-0.0249 (19) 


C3 


0.032 (3) 


0.087 (5) 


0.075 (4) 


-0.015 (3) 


-0.004 (2) 


-0.035 (3) 


C4 


0.057 (3) 


0.081 (5) 


0.055 (3) 


-0.017(3) 


0.019(2) 


-0.028 (3) 


C5 


0.043 (3) 


0.054 (3) 


0.0253 (16) 


-0.015 (2) 


0.0067 (15) 


-0.0135 (18) 


C6 


0.031 (2) 


0.034 (3) 


0.0238 (15) 


-0.0086 (17) 


-0.0060 (14) 


-0.0087 (15) 
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C24X 


0.044 (4) 


0.031 (5) 


0.033 (5) 


-0.004 (5) 


-0.010 (4) 


-0.009 (4) 


C25X 


0.039 (5) 


0.063 (7) 


0.053 (5) 


-0.022 (4) 


-0.001 (4) 


-0.025 (5) 


C26X 


0.051 (4) 


0.068 (6) 


0.040 (4) 


-0.015 (4) 


-0.001 (3) 


-0.019 (4) 


C27X 


0.066 (5) 


0.090 (8) 


0.063 (5) 


0.002 (5) 


-0.023 (4) 


-0.028 (5) 


C28X 


0.066 (5) 


0.090 (8) 


0.063 (5) 


0.002 (5) 


-0.023 (4) 


-0.028 (5) 



Geometric parameters (A, °) 



OIW — H1W1 


0.8199 


C28 — H28C 


0.9600 


OIW — H2W1 


0.8200 


NIX — C14X 


1.343 (13) 


Nl — C14 


1.328 (6) 


NIX — C8X 


1.393 (13) 


Nl — C8 


1.394 (5) 


NIX — C7X 


1.484 (13) 


Nl — C7 


1.461 (5) 


N2X — C14X 


1.337 (13) 


N2 — C14 


1.333 (5) 


N2X — C13X 


1.377 (13) 


N2 — CI 3 


1.374 (6) 


N2X — C15X 


1.477 (13) 


N2 — CI 5 


1.473 (6) 


N3X — C25X 


1.337 (13) 


N3 — C25 


1.329 (5) 


N3X — C19X 


1.385 (13) 


N3 — C19 


1.390 (6) 


N3X — C18X 


1.478 (14) 


N3 — C18 


1.473 (5) 


N4X — C25X 


1.334 (11) 


N4 — C25 


1.340 (4) 


N4X — C24X 


1.359 (11) 


N4 — C24 


1.386 (4) 


N4X — C26X 


1.510 (10) 


N4 — C26 


1 473 (31 


C1X — C2X 


1.362 (13) 


CI — C6 


1.392 (4) 


C1X — C6X 


1.382 (13) 


CI— C2 


1.400 (4) 


C1X — C18X 


1.520 (14) 


CI— C18 


1.526(4) 


C2X — C3X 


1.382 (13) 


C2 — C3 


1.364 (6) 


C2X — H2XA 


0.9300 


C2 — H2A 


0.9300 


C3X — C4X 


1.368 (13) 


C3 — C4 


1.349 (7) 


C3X — H3XA 


0.9300 


C3 — H3A 


0.9300 


C4X — C5X 


1.426 (11) 


C4 — C5 


1.386 (6) 


C4X — H4XA 


0.9300 


C4 — H4A 


0.9300 


C5X — C6X 


1.382 (13) 


C5 — C6 


1.395 (4) 


C5X — H5XA 


0.9300 


C5 — H5A 


0.9300 


C6X — C7X 


1.539 (13) 


C6 — C7 


1.516 (4) 


C7X — H7XA 


0.9700 


C7 — H7A 


0.9700 


C7X — H7XB 


0.9700 


f^7 TJ7R 


u.y /uu 


LoA C7A 


1 ^77 (\ w 

V.J 1 1 


C8— C9 


1.380 (6) 


C8X — C13X 


1.399 (13) 


C8— C13 


1.398 (6) 


C9X— CI OX 


1.408 (12) 


C9— CIO 


1.379 (7) 


C9X— H9XA 


0.9300 


C9— H9A 


0.9300 


C10X— CI IX 


1.372 (14) 


CIO— Cll 


1.393 (7) 


CI OX— HI OB 


0.9300 


CIO— H10A 


0.9300 


C11X— C12X 


1.362 (15) 


Cll— C12 


1.359 (6) 


CI IX— HUB 


0.9300 


Cll— H11A 


0.9300 


C12X— C13X 


1.418 (14) 


C12— C13 


1.413 (5) 


C12X— H12B 


0.9300 


C12— H12A 


0.9300 


C14X— H14B 


0.9300 


C14— H14A 


0.9300 


C15X— C16X 


1.497 (15) 


C15— C16 


1.526 (6) 


C15X— H15C 


0.9700 


C15— H15A 


0.9700 


C15X— H15D 


0.9700 
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CI / — HI /C 


a a/^aa 

u.youu 


piO TJIO A 

Clo — HloA 


u.y /UU 


pi O T_T 1 OD 

Clo — HloB 


n a*7aa 

u.y /UU 


C19 — C2U 


1.373 (6) 


P|Q po^ 

Cly — CZ4 


1 101 /C\ 

1.301 (_> ) 


CZU — CZ 1 


1.402 (0) 


Pin inn a 
C2U — HZUA 


n mnn 
U.y3UU 


PO i pn 

CZ1 — czz 


1.400 (0) 


po i m i a 
CZ1 — HZ1A 


n mnn 
U.V3UU 


P~) "> pt] 

CZZ — CZ3 


1.362 (0) 


pii i m a 
CZZ — HZZA 


U.V3UU 


\^L5 — CZ4 


1.402 (0) 


p-> i mi a 
CZ3 — HZ3A 


u.y3uu 


po c i nc a 
CZj — HZjA 


A mnn 

u.y3uu 


CZo — cz / 


1.4 /U (5) 


CZo — HZoA 


n n~7nn 

u.y /UU 


H76R 


n Q7nn 


C27 — C28 


1.538 (4) 


C27 — H27A 


0.9700 


C27 — H27B 


0.9700 


C28 — H28A 


0.9600 


C28 — H28B 


0.9600 


unin p.iai/ u^iin 
rll W 1 — <J1 W — rizw 1 


1 1 1 n 
1 1 1 .y 


P 1 A \T1 po 

C14 — JN 1 — Co 


1 no "7 i A \ 
1U0. / (4) 


P1/1 \T1 p-7 

C14 — JN 1 — C / 


1 T"7 0 ( CA 

ill .a (p ) 


PO "\T1 P"7 

Co — JN 1 — C / 


1 T1 1 

123.3 ( 3) 


p 1 /i xn p 1 1 
C14 JNZ — Clo 


lUy.3 (4) 


C14 — JNz — CI J 


1 T/1 Q ( &\ 

iz4.y (o j 


n i xtt n c 
C 1 3 — JN 2 — C 1 J 


123.6 (5) 


PTf XTl nn 
CzD — JN3 — CIV 


lUy.4 (4) 


pt c xtt n o 
C23 — JN3 — Clo 


1 t/: ^i 
126.4 (5) 


pin mi p i o 

ciy — jn3 — cio 


1 T A Pt /C\ 

124.U (5) 


PTC XT A PT A 

C23 — JN4 C24 


1 no n \ 
lUO.y (3) 


PTC XT /I n£ 

CzD — JN4 CZO 


1 T H A *"2\ 

ill A (i) 


PT/1 XT A 

C24 — JN4 C26 


1 TT n /"3\ 

123. / (5) 


p/; pi pt 
Co — CI — Cz 


1 Tn i l a \ 
12U.3 (4) 


p/: p 1 pio 
Co — CI — Clo 


1 TT O 1 A \ 

122.0 (4) 


C2— CI— CI 8 


116.9 (4) 


C3— C2— CI 


120.0 (5) 


C3— C2— H2A 


120.0 


CI— C2— H2A 


120.0 


C4— C3— C2 


119.9 (5) 


C4— C3— H3A 


120.1 



pi/v pnv 
CI OA — CI /A 


1.j43 (14) 


C 1 0 A — H 1 oC 


u.y /uu 


C 1 OA — H 1 oL) 


u.y /UU 


( • i 7V I 1 1 "7P\ 

CI / A — HI ID 


u.youu 


pnv 1 1 1 "7 rr 
CI /A — HI /b 


u.youu 


( • 1 7V I I 1 -7T7 

CI / A — HI it 


u.youu 


( • 1 Q V I I 1 OP 

C 1 o A — H 1 oC 


u.y /UU 


p i QV I I l or\ 

C 1 oA — H 1 oD 


Pi Q7P1P1 

u.y /uu 


Pinv pinv 

ciyA — CZU A 


1.3o4 (14) 


Pinv pi/i v 

C 1 y A — CZ4 A 


1.4U3 (13) 


pmv pn v 
CZU A — CZ1A 


1 /i tp\ /1 c^ 
1.42U (15) 


POP* V ITinD 

CZUA — HZUB 


U.y3UU 


PTI V p "> "> "V 

CZ 1 A — CZZ A 


i.3yu (ij) 


PTI V TT11D 

CZ1A — HZ IB 


U.y3UU 


CZZA — CZ3A 


1.30J (14) 


CZZA — HZZB 


A A1AA 

u.y3uu 


CZ3A — CZ4A 


1 TO/I p| 1 \ 

1.3o4 (11) 


poiv i mo 
CZ3A — HZ3B 


A A1AA 

u.y3uu 


pocv i nco 
CZjA — HZjB 


A A1AA 

u.y3uu 


PI^V PT7V 

CZo A — CZ / A 


1 /hi n t\ 
1.413 (1Z) 


CZo A — HZoC 


A A*7AA 

u.y /UU 


CZo A — HZoL) 


A A*7AA 

u.y /UU 


P97Y 


1 JU7 ^ 1 J ) 


C27X — H27C 


0.9700 


C27X — H27D 


0.9700 


C28X — H28D 


0.9600 


C28X — H28E 


0.9600 


C28X — H28F 


0.9600 


POCV M1V pinv 

CZj A — JN 3 A — C 1 y A 


1 n"7 1 /i i \ 
10/. 1 (11) 


PtfV M1V p 1 ov 

CZj A — IN 3 A — C 1 oA 


1 1 /T Q /I y)\ 

no. y (14) 


( • i n v mi v piov 
C 1 y A — IN 3 A — C 1 o A 


11/1 C /I c\ 

134.3 (IS) 


P "> C "V XT /IV PI /I V 

CZj A — JN 4 A — CZ4A 


1 1 n a iQ\ 
110.4 (0) 


p ,- )c v xt /iv n^v 
CZj A — IN 4 A — CZoA 


1 TT 1 (}t\\ 

III. 1 (1U) 


PT /I V XT/1V P1/CV 

Cz4A — JN4A — CZoA 


1 T"7 C ZO\ 

127.5 (8) 


P1V P1 V p/CV 

CZA — C 1 A — Co A 


116.5 (12) 


P1V p 1 "V PIOV 

CZA — C 1 A — C 1 o A 


1TO C /1/1\ 

120.3 (14) 


p /; "V P1V p| OV 

CoA — C 1 A — C 1 o A 


114.6 (13) 


PIV P1V p T \/ 

CIA — CZA — C3 A 


1 TT C 

122.3 (14) 


pi "v piv m v a 
C 1 A — CZA — HZAA 


1 1 o o 

llo.o 


PT V PTV THV A 

C3A — CZA — HZAA 


118.8 


P/|V PIV p T V 

C4A — C3A — CZA 


itt n 
122.U (13) 


P/1V p T V I 11 V A 

C4A — C3A — H3AA 


linn 

ny.u 


piv piv mv \ 
CZA — C 3 A — H 3 A A 


1 1 n n 

i iy.u 


C3X— C4X— C5X 


115.8 (11) 


C3X — C4X — H4XA 


122.1 


C5X — C4X — H4XA 


122.1 


C6X— C5X— C4X 


120.7 (11) 


C6X — C5X — H5XA 


119.7 


C4X — C5X — 115 X A 


119.7 
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PT PT HI A 

C2 — C3 — Hi A 


1 in 1 
J2U. J 


pt a pc 
C3 — C4 CD 


1 tt n ( £\ 
122.V (0) 


pt A U A A 

C3 — C4 H4A 


j jy.u 


pc P/l U A A 

CD — C4 H4A 


1 1 n n 

j jy.u 


p^i pc p/: 
C4 — CD — Co 


i in a fA\ 

j jy.4 (4) 


P/1 PC uc A 

C4 — CD — HDA 


1 Tn t 
12U.3 


P/: PC nr A 

Co — CD — HDA 


1 Tn t 
12U.3 


pi p/: pc 
CI — Co — CD 


1 1 O A (A\ 

110.4 (4) 


pi p/: pt 
CI — Co C/ 


1 Tn £. 1 A \ 

J2U.0 (4) 


pc p/; pt 
CD — Co — C / 


1 t 1 n {a \ 
J2J.U (4) 


\T| pt p/r 

IN J — C/ — Co 


1 1 1 n l A\ 
113./ (4) 


M 1 PT UT A 

IN 1 — C / — H /A 


1 no o 
JUo.O 


P/; PT" UT A 

Co — C / — H / A 


1 no o 
JUo.O 


\r1 PT U7D 

JN 1 — C/ — H/B 


1 no o 
JUo.O 


Co — C / — H ID 


1 AO O 

JUo.O 


UT A PT" | |TD 

H /A — C / — ti Id 


1 n"7 "7 
JU /. / 


pn po ~KT*\ 

CV — Co — JN J 


1 t 1 a i c\ 
131.0 (D) 


pn po pit 

cy — Co — c j j 


1 TT A 1 Z\ 

122A (D) 


JN J — Co — CJ 3 


1 n/: n l a \ 
JUo.U (4) 


ciu — cy — Co 


1 1 /; T //r\ 

J Jo. / (0) 


pi/i pn un a 

c j u — cy — Hy a 


1 T 1 "7 

121./ 


pn pn Tjri a 

Co — cy — HyA 


1 T 1 "7 
121 . / 


pn pm pi i 

cy — cju — cj j 


1 tt n i £\ 
122.V (0) 


pn pm tt i n * 
cy — C J U — ti J U A 


1 1 n n 

ny.u 


P1 i pin n|(i* 

CJ J — CJU — H1UA 


1 1 n n 

ny.u 


pn pii pm 
CI 2 — CJ J — CJU 


i t i n /c\ 

121.0 (5) 


pn pii tji i * 
C 12 — C J J — ti J JA 


line 

i iy.D 


pm pii miA 
CJU — C J J — ti J JA 


line 

ny.D 


PII PIT PIT 

CJ J — CI2 — CI3 


1 1 O T /C\ 

110.2 (D) 


P11 pn unt 
CJ J — C 12 — ti I2A 


1 Tn n 
12U.y 


PI i pi n nn i 

CI 3 — CI2 — HI2A 


120.9 


"\TT PIT PO 

IN 2 — CI3 — Co 


mi a ( a \ 
lUo.4 (4) 


\n pit pn 
JN2 — CI 3 — CJ2 


1 T A T /C\ 

134.2 (D) 


po pn pn 
Co — C J 3 — C J 2 


1 i n T /c\ 
liy.2 (D) 


M 1 P 1 A "M"T 

JN J — C J4 JN2 


1 nn a /c\ 
lUy.4 (D) 


M 1 pu TT1 A A 

JN J — C J 4 ti J 4A 


1 T C T 

12D.3 


\n P|J TT1 A A 

JN2 — C J4 H14A 


nr T 

12D.3 


\n pi f p 1 /r 

JN2 — CJD — CJo 


1 1 n o i£\ 
11U.0 (0) 


xn p 1 c m c a 
JN 2 — C J D — ti J D A 


1 nn c 

luy.D 


pit P 1 C UKA 

CJo — CJD — ti JDA 


1 nn c 

luy.D 


MO P1 C TT1 CD 

JN 2 — C J D — H 1 DB 


1 nn c 

luy.D 


pi / P1C T T 1 CTT 

CJo — CJD — H1DB 


109.5 


UK A pif UKD 

ti JDA — CJD — ti JDB 


1 no 1 
lUo.l 


C17— C16— C15 


109.3 (5) 


C17— C16— H16A 


109.8 


C15— C16— H16A 


109.8 


C17— C16— H16B 


109.8 


C15— C16— H16B 


109.8 


H16A— CI 6— H16B 


108.3 



pi "V P/iV P C "V 

CIA — CoA — C J A 


1T1 n n i \ 
J2J.y (JJ) 


p 1 v r^v nv 
CIA — CoA — C / A 


iin o /1T\ 
J jy.o (J2) 


prv p/^v nv 
C DA — CoA — C / A 


110 T /1T\ 

J Jo. 2 (J2) 


XTiv nv pzv 

JN 1 A — C /A — CoA 


1 nn n /i A \ 
JUy. / (J4) 


JN 1 A — C / A — hi /AA 


1 nn "7 

juy. / 


r/;v nv mv a 
CoA — C / A — rl / AA 


1 nn "7 

juy. / 


XTiv nv TJ7VD 

JN 1A — C /A — rl /Ar> 


1 nn "7 

juy. / 


CoA — C / A — rl /ad 


1 nn "7 

juy. / 


hi / AA — C /A — hi /ad 


1 no t 
JUo.2 


pnv • o v xtiv 
CyA — CoA — JN 1 A 


1TT T /1T\ 

J32.2 (J3) 


pqy pqy rnv 
CyA — CoA — C 1 3 A 


1 TT H T~\ 

J 23 . / (12) 


xtiv / • o v pnv 
JN 1 A — CoA — C 1 3 A 


1 n/i n /1 i \ 
JU4.U (JJ) 


CoA — CVA — C 1 UA 


1 1 yl T /1T\ 

JJ4.3 (J3) 


ppv p rw t inv a 

c o a — cy A — hiy A A 


1 TT O 

J22.0 


( • i n v rnv un v a 
C 1 U A — CyA — hiy AA 


1 TT O 

J22.0 


p i i v P 1 A V /"ifi V 

C 1 1 A — C 1 U A — CyA 


1T1 n/ic\ 
J2J.U (JD) 


pi IV Z" 1 1 Pi V 1 I 1 /ID 

C11A — C1UA — rllUB 


nn c 

j jy.D 


/'/IV ( 1 AV I I 1 piT3 

CyA — C 1 UA — hi 1 UB 


line 

J jy.D 


pnv pi iv p i nv 
C12A — C11A — C1UA 


1 TT H /1 H\ 
J23. / (J /) 


pnv pi iv ill id 
C12A — CI 1A — hll IB 


1 1 O T 

J Jo. 2 


( • i nv pi t v iii id 
C 1 U A — C 1 1 A — rl 1 1 d 


1 1 Q T 

J Jo. 2 


pi iv pnv pnv 
C11A — C12A — C13A 


1 1 a n /1 c\ 
J J4.U (JD) 


PI IV pnv Til -> D 

CI 1A — C12A — rllZB 


1 tt n 
J23.U 


pnv pnv iii ~> d 
C 1 3 A — C 1 Z A — ti 1 Zr> 


1 tt n 
J23.U 


MTV pnv /" • O V 

JNZA — C 1 3A — CoA 


1 nn o /1 1\ 
JUy.O (JJ) 


XT'-* v P 1 IV P 1 TV 

JN Z A — C 1 3 A — C 1 Z A 


1 TT A ^1 C\ 

J2/.4 (JD) 


pov pnv pnv 
CoA — C 1 3A — C 1 ZA 


110 n I'll 1 ! 
J Jo.y (J3) 


MTV PUV M1V 

JNZA — C14A — JN 1A 


i in c /it\ 
JJU.D (J2) 


MTV P 1 /IV T_T1 1 D 

JN Z A — C 1 4 A — ti 1 4r> 


1 T/l 1 

J24. / 


M1V PUV I I 1 1 D 

JN 1A — C14A — rl!4r> 


1 T A H 
J24. / 


MTV P 1 CV P 1 /TV 

JN ZA — C 1 ja — C 1 OA 


1 1 o j: /1 £\ 

J Jo.o (Jo) 


MTV P 1 CV T_T1 < f ' 

JNZA — CI ja — rll jC 


1 m n 
JU/./ 


/•i/v P1CV IT] </• 

C 1 da — C 1 ja — ti 1 jC 


1 m t 
JU/./ 


MTV P 1 CV IT 1 Cl^\ 

JNZA — CI ja — rll jL) 


1 m t 
JU/./ 


pi/v picv 1 1 1 cn 
C 1 DA — C 1 JA — ti 1 jD 


1 m t 
JU/. / 


tji cr 1 pkv 1 1 1 rn 
ti 1 jC — C 1 j A — ti 1 jL) 


1 m 1 
JU/.J 


PKV /'l/V PI "7V 

CIjA — CloA — CI /A 


11c t /i/:\ 
J JD.2 (Jo) 


PKV p|/V I T 1 /:p 

C 1 ja — C 1 oA — ti 1 oC 


1 no c 
JUo.D 


pnv pi/v 1 1 1 //■ 
CI /A — CloA — rlloC 


1 no c 
JUo.D 


pkv p]/v n i /l n 
C 1 ja — C 1 oA — ti 1 oD 


1 no c 
JUo.D 


( • i 7V /'l/v TT 1 IA 

CI /A — CloA — hlloL) 


1 no c 
JUo.D 


I i i /; / • P1/CV I I 1 JA 

hi 1 oC — C 1 o A — hi 1 oD 


1 m c 
JU /.D 


p|/V pnv I I 1 "7T~-\ 

CloA — CI /A — hll It) 


1 nn c 

juy.D 


P 1 V P 1 *7 V T T 1 7E 

CloA — CI / A — HI /b 


109.5 


H17D— C17X— H17E 


109.5 


C16X— C17X— H17F 


109.5 


H17D— C17X— H17F 


109.5 


H17E— C17X— H17F 


109.5 


N3X — C18X — C1X 


112.2(16) 
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JN 3 — C 1 o — C 1 


111 A 

1 1 1 .4 p) 


XT1V P 1 OV I I l op 

JN 3 A — C 1 oA — H 1 oC 


1 AO 1 

luy.z 


\n pi O TT1 O A 

JN 3 — C 1 o — H 1 0 A 


1 nn a 

iuy.4 


p 1 "V P 1 OV III op 

C 1 A — C 1 o A — H 1 oC 


luy.z 


p 1 nio T_T 1 O A 

C 1 — C 1 0 — rl 1 oA 


1 nn a 

ioy.4 


XT1V P 1 OV I I 1 QT\ 

JN 3 A — C 1 OA — H 1 oL) 


luy.z 


JN 3 — C 1 o — rl 1 or> 


1 nn a 

iuy.4 


pi v p 1 ov 1 1 1 tin 
C 1 A — C 1 o A — H 1 oL) 


1 nn i 

luy.z 


/"M pi o ill o d 

C 1 — C 1 o — H 1 or> 


1 nn /i 


iii op piov 1 1 1 on 


1 n*7 n 

iu/.y 


T_T 1 O A pi o ill on 

H 1 oA — C 1 o — H 1 6D 


1 no n 
106.0 


Pinv p i n v mi v 
CZU A — C 1 y A — JN 3 A 


13Z.y (13) 


Pin pin pi /i 
CZU — C 1 y — CZ4 


IT) T {A \ 
ill. 5 (4) 


Pinv / • 1 nv pi /i v 
CZU A — C 1 y A — CZ4A 


no n n t\ 

iio.y {12) 


pia pin mi 
CZU — C 1 V — JN 3 


111 C i A \ 

13 1.5 (4) 


xtiv p i nv pi /i v 
JN 3 A — C 1 yA — CZ4A 


1 n*7 o pi i\ 
lU/.O (11) 


po H p 1 n \ti 
CZ4 — ClV — JN3 


1 n/; t 
100.2 (5) 


Pinv pinv pii v 
c iy A — CZUA — CZ 1 A 


1 in n c\ i \ 
1ZU.U (13) 


Pin pin pti 

c i y — czu — cz i 


11^1 /"/l \ 
11 0.1 (4) 


Pinv pinv uinD 
C 1 y A — CZU A — HZUB 


1 in n 


Pin pin Tjin a 
C 1 V — CZU — HZU A 


1 n 
122.0 


pii v pinv i npiD 
CZ 1 A — CZU A — HZUB 


1 m n 
1ZU.U 


pi 1 pin TTinA 
CZ 1 — CZU — HZU A 


122.0 


pii v pi 1 v pinv 
CZZ A — CZ 1 A — CZUA 


1 1 n 1 /1 o\ 

119.1 (12) 


pii pi 1 pin 
CZZ — CZ 1 — CZU 


IT] Q / /] \ 

121.3 (4) 


P11V pi| v I 11 1 ID 

CZZ A — CZ 1 A — HZ 1 r> 


1 in a 
1ZU.4 


PI 1 PI 1 1 11 | A 

CZZ — CZ1 — HZ1A 


1 1 n i 

ny.i 


Pinv pii v 1 1 1 1 id 
CZU A — CZ 1 A — HZ 1 r> 


1 in /i 
1ZU.4 


Pin pi 1 iiii a 
CZU — CZ1 — HZ1A 


1 1 n i 


P11V P11V Pll V 

CZ3A — CZZA — CZ 1 A 


111 C /1 i\ 

IZI.j (1Z) 


Pii pn pi i 
CZ3 — CZZ — CZ 1 


1 TT 1 I A \ 

122. 1 (4) 


P11V P11V I 1 1 1 1) 

CZ3A — CZZA — HZZB 


nn i 

i iy.z 


P1 1 Pll I 111 A 

CZ3 — CZZ — HZZA 


1 1 o n 

iis.y 


Pll V P 1 1 "V TJllD 

CZ 1 A — CZZA — HZZB 


i in i 

i iy.z 


PI 1 Pll TTll A 

CZ 1 — CZZ — HZZA 


lion 

iis.y 


P11V P11V PI /I V 

CZZA — CZ3A — CZ4A 


110 a cyw 
1 lo.4 (11) 


pii pit pi /i 
CZZ — CZ3 — CZ4 


11/: i l a \ 
11 0.3 (4) 


P11V P11V I HID 

CZZA — CZ3A — HZ3B 


1 in o 
1ZU.0 


PI 1 Pll TTll A 

CZZ — CZ3 — HZ3A 


1 T 1 O 

121.5 


pi y| v P11V I 11 1 D 

CZ4A — CZ3A — HZ3B 


1 in o 
1ZU.0 


PI /I Pll III") A 

CZ4 — CZ3 — HZ3A 


1 T 1 O 

121.5 


XT/1V PI /I V P11V 

JN4A — CZ4A — CZ3A 


in c /i n\ 
13Z.0 (1U) 


Pin pi /i xT/i 
CIV — CZ4 — JN4 


1 n/: o i a \ 
IUO.5 14) 


xt /i v pi /i v p i nv 
JN 4 A — CZ4 A — C 1 y A 


mc n /n\ 

iud.u (y) 


Pin pi a pi i 
CIV — CZ4 — CZ3 


1 T 1 O 1 A \ 

121.5 (4) 


piiv pi /i v p i nv 
CZ3 A — CZ4A — C 1 yA 


1 11 A p| 1\ 

1ZZ.U (11) 


XT /I PI /I Pll 

JN4 — CZ4 — CZ3 


111 A i1\ 

13 1 .4 (3) 


XT/1V P1CV \ll V 

JN4A — CZjA — JN3A 


1 nn i n i\ 
lUy.3 (11) 


XT'} PIC XT /I 

JN3 — CZD — JN4 


1 no "7 {A \ 
105. / (4) 


XT/1V P1CV UTCD 

JN4A — CZjA — HZjB 


1 1C 1 

1ZD.3 


XT'! PIC TT1CA 

JN 3 — CZ j — HZ j A 


125. / 


Ml v P1CV I I1CD 

JN3A — CZjA — HZjB 


1 1C 1 

1ZD.3 


XT/1 PIC ttica 

JN'H CZj — HZ 3 A 


125. / 


P11V pi/;v XT/1V 

CZ /A — CZoA — JN4A 


i n c /o\ 
11 3. D (o) 


pi -7 Pl/C XT /I 

CZ / — CZo — JN4 


11/1 

114.0 (3) 


pnv pi/v 1 1 1 /; p 
CZ /A — CZoA — HZoC 


1 no n 

luo.y 


pi n Pl/T 1 11/ a 

CZ / — CZo — HZoA 


1 no /; 
106.0 


XT/1V pi<:v i ii/;/' 

JN4A — CZoA — HZoC 


1 no n 

luo.y 


XT/1 pi *r in/; a 

JN 4 — C Z o — HZ o A 


1 no /; 
106.0 


pnv n/v 1 1 1 /: fd 
CZ /A — CZoA — HZoL) 
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Hydrogen-bond geometry (A, °) 

Cg6 and Cg8 are the centroids of the NlX/C8X/C13X/N2A7C14Xand CIX-C6X rings, respectively. 
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Symmetry codes: (i) x, y,z+\; (ii) -x+ 1 , -y, -z+ 1 ; (iii) -x, -y+ 1 , -z+ 1 . 
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